/< y ?T y '7 P -JP2002-154900 (English) 



PATENT ABSTRACTS OF JAPAN 

(1 1 publication number : 2002-1 54900 

(43)Date of publication of application : 28.05.2002 



(51)Int.CI. 



C30B 29/38 
H01L 21/205 
H01L 33/00 
H01S 5/323 



(21 Application number : 2001-266561 
(22)Date of filing: 27.03.1991 



(71 Applicant : NICHIA CHEM IND LTD 
(72)Inventor : NAKAMURA SHUJI 



(54) METHOD FOR GROWING CRYSTAL OF GALLIUM NITRIDE-BASED COMPOUND 
SEMICONDUCTOR AND GALLIUM NITRIDE-BASED COMPOUND SEMICONDUCTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve 
crystallinity of a gallium nitride-based compound 
semiconductor grown on a buffer layer, and to 
stably grow the gallium nitride-based compound 
semiconductor in a good yield. 
SOLUTION: A crystal of the gallium nitride-based 
compound semiconductor is grown on the buffer 
layer by a metal organic compound vapor phase 
growth method. This method for growing the 
gallium nitride-based compound semiconductor 
comprises first growing a polycrystalline buffer 
layer having the formula: GaXAI1-XN (where, X is 
>0.5 and <1), then raising the temperature to 
partially crystallize the buffer layer to form a 
single crystal and growing the gallium 
nitride-based compound semiconductor containing 
a carrier in a concentration of 2 x 1015 (example 
6) to 1 x 1019/cm2 (example 8) by using the 
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partially crystallized buffer layer as a seed crystal. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

[Claim(s)] 

[Claim 1] In the approach of growing up the crystal of a gallium nitride system compound 
semiconductor on a buffer layer by organometallic compound vapor growth general formula 
GaXAI1-XN (however, it is the range of 0.5<=X<=1 — ) Grow up the buffer layer of the 
becoming polycrystal, next raise temperature, single-crystal-ize a buffer layer selectively, 
and this is made into seed crystal. The crystal growth approach of the gallium nitride system 
compound semiconductor characterized by growing up the gallium nitride system compound 
semiconductor which sets carrier concentration to 2x1015 to 1x101 9-/cm2. 
[Claim 2] The crystal growth approach of the gallium nitride system compound 
semiconductor according to claim 1 characterized by growing up said buffer layer on a 
gallium nitride system compound semiconductor layer. 

[Claim 3] The crystal growth approach of the gallium nitride system compound 
semiconductor according to claim 1 characterized by doping Si or Mg during said gallium 
nitride system compound semiconductor layer growth. 

[Claim 4] The crystal growth approach of the gallium nitride system compound 
semiconductor according to claim 1 characterized by the thickness of said buffer layer being 
0.2 micrometers or less. 

[Claim 5] The crystal growth approach of the gallium nitride system compound 
semiconductor indicated by claim 1 into which the gallium nitride system compound 
semiconductor which makes mobility 8.5-600cm2/V-sec is grown up. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the growth approach of the 
epitaxial layer of a gallium nitride system semiconducting compound which was 
excellent in especially crystallinity about the approach of growing up the crystal of 
a gallium nitride system compound semiconductor, on substrates, such as sapphire. 
[0002] 

[Description of the Prior Art] Recently, the blue luminescence device of [GaXAll-XN 
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(however, X is in the range of 0<=X<=1.)] attracts attention to the gallium nitride 
system compound semiconductor, for example, a general formula. As an approach of 
growing up the crystal of a gallium nitride system compound semiconductor, 
organometallic compound vapor growth (henceforth the "MOCVD method") is 
known well. This approach is an approach of supplying organometallic compound 
gas as reactant gas in the reaction container which installed silicon on sapphire, 
holding crystal growth temperature at an about 900 degrees C - 1100 degrees C 
elevated temperature, and growing up the epitaxial layer of a compound 
semiconductor crystal on a substrate. For example, in growing up a GaN epitaxial 
layer, it uses ammonia gas as V group gas with trimethylgallium as III group gas. 
[0003] Thus, in order to use the epitaxial layer of a gallium nitride system 
compound semiconductor grown up as a luminescence device, it is indispensable to 
raise crystallinity in the first place. 

[0004] Moreover, using the MOCVD method, on silicon on sapphire, directly, it 
became a pillar-shaped growth pattern six angles, countless irregularity was made, 
and, as for the front face of a GaN layer, the shape of a 6 angle pyramid and the 
fault to which the surface morphology gets very bad grew. Making a blue 
luminescence device using the crystal layer of the very bad semi-conductor of the 
surface morphology which has countless irregularity in a front face had the 
dramatically bad yield, and it was almost impossible. 

[0005] in order to solve such a problem, before growing up the crystal of a gallium 
nitride system compound semiconductor, the method of growing up the buffer layer 
of A1N on a substrate is proposed -- {-- Appl.Phys.Lett 48, (1986), and 353 - (-- 
applied physics Letters [ ] 48 volumes, 1986, 353-page), and JP,2-229476,A}. On 
silicon on sapphire, this approach is low temperature with a growth temperature of 
400-900 degrees C, and prepares the buffer layer of A1N whose thickness is 
100-500A. According to this approach, there is the description which can improve 
the crystallinity of a GaN semi-conductor layer and surface morphology by growing 
up GaN on the A1N layer which is a buffer layer. 
[0006] 

[Problem(s) to be Solved by the Invention] However, since the growth conditions of 
a buffer layer are restricted severely and said approach moreover needs to set 
thickness as 100-500A and the very thin range strictly, it is difficult to form the 
buffer layer in homogeneity by fixed thickness all over a silicon-on-sapphire [ of a 
large area ], for example, silicon on sapphire of about 50mmphi, top. Therefore, by 
the time it made light emitting diode with the crystallinity still practical difficult 
[ it / to improve the crystallinity of a gallium nitride system compound 
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semiconductor and surface morphology which are formed on the buffer layer with a 
sufficient yield ], semiconductor laser, etc., it did not result, but the further 
crystalline improvement was required. 

[0007] This invention is made in view of such a situation, the place made into the 
object improves the crystallinity of a gallium nitride system compound 
semiconductor and surface morphology which are grown up on a buffer layer even 
on practical use level, a gallium nitride system compound semiconductor is 
stabilized further, and the growth approach for growing up with a sufficient yield is 
offered. 
[0008] 

[Means for Solving the Problem] The crystal growth approach of the gallium nitride 
system compound semiconductor of this invention improves the approach of 
growing up the crystal of a gallium nitride system compound semiconductor, by 
organometallic compound vapor growth. The approach of this invention grows up 
the buffer layer of the polycrystal which consists of general formula GaXAll-XN 
(however, it is the range of 0.5<=X<=1.). Next, temperature up of the substrate is 
carried out, and the buffer layer is single-crystal-ized selectively, and it is 
characterized more nearly further than the growth temperature of said buffer layer 
by growing up a gallium nitride system compound semiconductor at an elevated 
temperature. 

[0009] Furthermore, the crystal growth approach of the gallium nitride system 
compound semiconductor of claim 2 of this invention is growing up said buffer layer 
on a gallium nitride system compound semiconductor layer. The growth approach 
of the gallium nitride system compound semiconductor of claim 3 has doped Si or 
Mg during said gallium nitride system compound semiconductor layer growth 
further again. The growth approach of the gallium nitride system compound 
semiconductor of claim 4 is setting thickness of said buffer layer to 0.2 micrometers 
or less further again. 

[0010] As shown in drawing 4 - drawing 6 , 0.002 micrometers or more of 0.2 
micrometers or less of said buffer layer thickness are preferably adjusted to the 
range of 0.01-0.2 micrometers still more preferably. When the thickness is thinner 
than 0.002 micrometers and thicker than 0.2 micrometers, it is in the inclination 
for the surface morphology of the crystal of the gallium nitride system compound 
semiconductor formed on a buffer layer to worsen. 

[0011] moreover, the growth temperature of said buffer layer -- 200 degrees C or 
more 900 degrees C or less - desirable - 400-800 degrees C - range adjustment is 
carried out. If lower than 200 degrees C, it will be hard to form a buffer layer, and 
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when higher than 900 degrees C, a buffer layer is in the inclination to become a 
single crystal and to stop achieving the operation as a buffer layer mentioned later. 
[0012] 

[Function] GaXAll-XN is made into a buffer layer at drawing 1 , the sectional view 
showing the structure of the epitaxial wafer at the time of growing up the crystal of 
a gallium nitride system compound semiconductor on it is shown, and the sectional 
view showing the structure of the epitaxial wafer at the time of growing up the 
crystal the same and same on it is shown by making A1N into a buffer layer at 
drawing 2 . Compared with the conventional buffer layer, since the tolerance of 
thickness is large, the buffer layer of this invention can grow a buffer layer and a 
gallium nitride system compound semiconductor crystal with a sufficient yield. 
[0013] By the way, the method of growing up the crystal of a gallium nitride system 
compound semiconductor by making A1N into a buffer layer Thin Solid Films. 163, 
(1988), 415 (SHUN solid films 163 volumes) Although stated to 415 pages and 
Appl.Phys.Lett 48, (1986), 353 (applied physics Letters 48 volumes, 1986, 353 
pages), etc. in detail in 1988 They are the following contents when an operation of 
the buffer layer indicated by those reference is described briefly. 
[0014] A1N grown up at low temperature (about 600 degrees C) is a polycrystal 
layer, and in case it raises temperature even to about 1000 degrees C in order for 
this buffer layer to grow up GaN, a layer single-crystal-izes it selectively. When the 
part single-crystal-ized selectively grows up GaN at 1000 degrees C, it serves as 
seed crystal to which bearing was equal, a GaN crystal grows from the seed crystal, 
and a uniform GaN single crystal layer can be grown up. Since silicon on sapphire 
itself serves as seed crystal when there is no buffer layer, bearing is the content 
that the crystal of the hexagonal prism of GaN which varied greatly will grow. 
[0015] It is GaXAll-XN (0.5<=X<=1) like this invention. It is considered in the 
conventional A1N that the case where it forms as a buffer layer is as follows as 
compared with the case where it considers as a buffer layer. 

[0016] When the case where GaN of X= 1 is formed as a buffer layer is considered 
first, the melting point of GaN is 1100 degrees C, and the melting point of A1N is 
1700 degrees C. For this reason, if the buffer layer of GaN is formed at 600 degrees 
C, the buffer layer of polycrystal will grow. Next, in order to grow up the epitaxial 
layer of GaN on the GaN buffer layer of this polycrystal, when temperature is 
raised to 1000 degrees C, the buffer layer of GaN will be single-crystal-ized 
selectively, and it will act as seed crystal for GaN epitaxial layers like the case 
where A1N is made into a buffer layer. 

[0017] And since the ** melting point is lower than the case where A1N is formed as 



6 



*y#T v 7WP2002- 154900 (English) 



a buffer layer, while going up temperature, itis [ single-crystal-] easy toize easily. 
For this reason, even if it thickens buffer layer thickness, the effectiveness as a 
buffer layer is expectable. 

** Since a buffer layer is GaN, when growing up the epitaxial layer of GaN on it, 
since the same ingredient is grown up on the same ingredient, crystalline 
improvement can be expected. It is thought that there is an advantage of **. 
[0018] in order to check the above thing A1N and Ga0.5aluminum0.5 - three 
kinds of buffer layers of N and GaN are formed on silicon on sapphire at 600 
degrees C, respectively, and drawing which asked for the relation between the 
mesial magnitude width (FWHM:f ull width at half-maximum) of the double crystal 
X-ray rocking curve of a GaN epitaxial layer at the time of growing up a GaN 
epitaxial layer by the thickness of 4 micrometers by 1000 degrees C on it and the 
thickness of a buffer layer is expressed to drawing 3 . Crystallinity of FWHM is so 
good that it is small. 

[0019] As shown in drawing 3 , what was made into the buffer layer of GaN and 
GaO.5aluminumO.5N has good crystallinity in the thickness range of a large buffer 
layer, and shows the property which was extremely excellent as compared with the 
buffer layer of the conventional A1N. 

[0020] The thickness of the GaN buffer layer formed on silicon on sapphire is 
changed into drawing 4 - drawing 7 , and microphotography drawing showing the 
crystal structure of the front face of a GaN epitaxial layer at the time of growing up 
4 micrometers of epitaxial layers of GaN on it further is shown. In order, buffer 
layer thickness is 0.002 micrometers, 0.07 micrometers, 0.20 micrometers, and 0 
micrometer (with no buffer layer) from drawing 4 to drawing 7 . 
[0021] When there is no buffer layer so that it may understand, even if it sees these 
drawings, as drawing 7 shows, a pillar-shaped crystal appears six angles in a front 
face. Although based also on the conditions at the time of forming a buffer layer, 
there is an inclination for a front face to become mirror plane homogeneity as a 
buffer layer is formed. However, when a buffer layer is too thick, it is in the 
inclination for a surface condition (surface morphology) to worsen. Therefore, 
desirable buffer layer thickness is for 0.01 to 0.2 micrometers. 

[0022] Moreover, as long as the buffer layer by the crystal growth approach of this 
invention is a layer which has the epitaxial layer of not only a silicon-on-sapphire 
top but a gallium nitride system compound semiconductor, it may be formed in any 
layer. For example, a buffer layer can be formed on said n mold GaN epitaxial layer 
and a p mold GaN epitaxial layer can also be grown up on the buffer layer to form 
the epitaxial layer of the p mold GaN with which Mg which is p mold impurity was 
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doped on an n mold GaN epitaxial layer. 
[0023] 

[Example] Hereafter, the example of this invention is explained. However, the 
example shown below does not illustrate the approach for materializing the 
technical thought of this invention, and the approach of this invention does not 
specify growth conditions, the class of organometallic compound gas, the material 
of construction, etc. as the following. The growth approach of this invention can 
add various modification in a claim. 

[0024] Crystal growth of a gallium nitride system compound semiconductor was 
performed using the equipment shown in drawing 8 . 

[Example 1] The epitaxial layer of GaN was grown up into silicon on sapphire by 
4-micrometer thickness at the following process. 

** Carry the silicon on sapphire of washed 2 inch phi on a susceptor 2. 

** Permute the interior by H2 further after exhausting the air in the reaction 

container 1 made from stainless steel with the exhaust air pump 6. 

** Heat a susceptor 2 to 1060 degrees C at a heater 3, supplying H2 gas in the 

reaction container 1 after that from the reactant gas injection pipe 4 and the 

subinjection pipe 5 of the reaction container 1 upper part. 

** Hold this condition for 10 minutes and remove the oxide film on the front face of 
silicon on sapphire. 

** Next, lower the temperature of a susceptor 2 to 500 degrees C, and put until 
temperature is stabilized. 

** Supply the mixed gas of H2 and N2 from the subinjection pipe 5 continuously, 
and supply the mixed gas of ammonia gas and H2 gas from the reactant gas 
injection pipe 4. The flow rate of the ammonia gas which supplies the flow rate of 
H2 gas supplied from the subinjection pipe 5 and N2 gas from a part for /and the 
101. reactant gas injection pipe 4, respectively considers the flow rate of a part for 
41./, and H2 gas as a part for 11./, and it waits for it until the temperature of a 
susceptor 2 is stabilized at 500 degrees C in this condition. 

** in order to form a buffer layer after that the reactant gas injection pipe 4 to 
ammonia gas, and H2 gas - in addition, pass TMG (trimethylgallium) gas for 1 
minute by part for 2.7x10 -five-mol/. 

** Next stop only TMG gas and stop growth of a buffer layer. The buffer layer of 
0.02 micrometers of thickness can be formed here. The gas of further others raises 
the temperature of a susceptor 2 to 1000 degrees C with a sink. 
** the reactant gas injection pipe 4 after the temperature of a susceptor 2 rises to 
1020 degrees C to ammonia gas, and H2 gas - in addition, TMG gas -- 5.4x10-5 a 



8 



s<y?T y 7 P —JP2002- 154900 (English) 



mol - it supplies for 60 minutes by the flow rate for /, and a GaN epitaxial layer is 
grown up by 4.0-micrometer thickness. 

In the meantime, supplying H2 and N2 gas from the subinjection pipe 5 is always 
continued on condition that the above-mentioned, and the inside of a reaction 
container is made not to be polluted with reactant gas. Moreover, a susceptor 2 
makes it rotate by 5rpm by the motor 7 so that a crystal may grow up to be 
homogeneity. In addition, although it is natural, while supplying gas, the gas 
currently supplied is emitted to the exterior from piping of the exhaust air pump 6, 
and the branched exhaust pipe 8. As mentioned above, the GaN buffer layer of 0.02 
micrometers of thickness was grown up on silicon on sapphire, and the 
4-micrometer GaN epitaxial layer was grown up on it. 

[0025] In the process which forms the buffer layer of [example 1 of comparison] **, 
the 4-micrometer GaN epitaxial layer was grown up on the A1N buffer layer like 
the example 1 except forming the buffer layer of A1N by 0.02-micrometer thickness. 
In addition, when forming an A1N buffer layer, in addition to ammonia gas and H2 
gas, in **, TMA (trimethylaluminum) was passed for 1 minute by part for 2.7x10 
-five-mol/from the reactant gas injection pipe 4. 

[0026] Hole measurement after growth is performed at a room temperature, it asks 
for the carrier concentration and mobility of the GaN epitaxial layer by this 
invention, and the GaN epitaxial layer by the example 1 of a comparison, 
respectively, and drawing showing the field interior division cloth of the carrier 
concentration by the result and mobility is shown in drawing 9 and drawing 10 . - 
shows drawing 10 and carrier concentration and this invention shows mobility for 
drawing 9 and the example of a comparison by O. 

[0027] When growing up the crystal of a non dope, it expresses that crystallinity is 
so good that carrier concentration is small and mobility is moreover large, and high 
impurity concentration is small. 

[0028] As shown in drawing 9 , as for GaN by this invention, carrier concentration 
shows a value with very as sufficient 4xl016-/cm3 and mobility as 600cm2/V-sec. 
On the other hand, carrier concentration was [ Ixl018/cm3 and the mobility of the 
example 1 of a comparison which made A1N the buffer layer ] about 90cm2/V-sec. 
[0029] In the process which forms the buffer layer of [example 2] **, the buffer 
layer of Ga0.5aluminum0.5N was formed by 0.02-micrometer thickness, and the 
GaN epitaxial layer was grown up on the buffer layer like the example 1 except not 
considering a buffer layer and a gallium nitride system compound semiconductor 
as the same presentation. In addition, when forming a buffer layer, from the 
reactant gas injection pipe 4, in addition to ammonia gas and H2 gas, TMG was 
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passed by part for 2.7x10 -five-mol/, and TMA was passed for 0.5 minutes by part 
for 2.7x10 -five-mol/, respectively. As this GaN epitaxial layer was also shown in 
drawing 3 , the outstanding X-ray rocking curve was shown, and the surface 
morphology by microscope observation was that to which an example 1, equivalent 
and carrier concentration, and mobility are located in the medium of an example 1 
and the example 1 of a comparison. 

[0030] In [example 3] **, made growth temperature of a buffer layer into 600 
degrees C, and changed the gas stream time amount of ** in 2.5 minutes, and 
thickness of a buffer layer was set to 0.05 micrometers, and also the GaN epitaxial 
layer was grown up like the example 1. This GaN epitaxial layer also showed 3 
minutes and the outstanding crystallinity, and an example 1, an EQC, and its 
mesial magnitude width of an X-ray rocking curve were [ surface morphology ] 
equivalent to the example 1 also with carrier concentration and mobility. 
[0031] Growth temperature of a buffer layer was made into 800 degrees C in 
[example 4] **, and also the GaN epitaxial layer was grown up like the example 1. 
This GaN epitaxial layer also showed 3 minutes and the outstanding crystallinity, 
and an example 1, an EQC, and its mesial magnitude width of an X-ray rocking 
curve were [ surface morphology ] equivalent to the example 1 also with carrier 
concentration and mobility. 

[0032] In the process which forms the buffer layer of [example 5] ** on the same 
conditions as an example 2 Form the buffer layer of Ga0.5aluminum0.5N by 
0.02-micrometer thickness, and it sets to **. From the reactant gas injection pipe 4, 
in addition to ammonia gas and H2 gas, supply TMA gas by part for 2.7x10 
-five-mol/, and TMG gas is supplied for 60 minutes by 2.7x10 -five-mol the flow rate 
for /. A Ga0.5aluminum0.5N epitaxial layer is grown up by 4.0-micrometer 
thickness, and also the 4-micrometer Ga0.5aluminum0.5N epitaxial layer was 
grown up on it with the GaO.5aluminumO.5N buffer layer of 0.02 micrometers of 
thickness on silicon on sapphire like the example 1. This Ga0.5aluminum0.5N 
epitaxial layer of surface morphology was also equivalent to the example 1. 
[0033] In [example 6] **, in addition to ammonia gas, H2 gas, and TMG gas, Mg 
which is the impurity of p mold with a sink about Cp2Mg (bis(cyclopentadienyl) 
magnesium) gas at a GaN epitaxial layer was doped, and the p mold GaN epitaxial 
layer was grown up by 4.0-micrometer thickness. The p mold GaN epitaxial layer of 
4.0 micrometers of thickness which doped the GaN buffer layer of 0.02 micrometers 
of thickness on silicon on sapphire, and doped Mg 1020-/cm3 on it as mentioned 
above was grown up. This p mold GaN epitaxial layer is also equivalent to an 
example 1, and, as for surface morphology, showed p mold property for the first 
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time with 2. 0x1015/ of carrier concentration cm 3, mobility of 9.4cm 2 / V-sec, and a 
gallium nitride system compound semiconductor. This shows that the crystallinity 
of this epitaxial layer is dramatically excellent. 

[0034] On the GaN epitaxial layer of 4 micrometers of thickness obtained in the 
[example 7] example 1, the p mold GaN epitaxial layer of 4.0 micrometers of 
thickness which doped Mg 1020-/cm3 the GaN buffer layer of 0.02 micrometers of 
thickness and on it like the example 6 was grown up. This p mold GaN epitaxial 
layer is also equivalent to an example 1, and, as for surface morphology, showed p 
mold property. [ as well as 3.5xl015/of carrier concentration cm 3, and mobility of 
8.5cm 2/ V-sec] 

[0035] Si which is the impurity of n mold with a sink about silane (SiH4) gas at a 
GaN epitaxial layer was doped, and it was made to grow up by 4.0-micrometer 
thickness in [example 8] ** in addition to ammonia gas, H2 gas, and TMG gas. The 
n mold GaN epitaxial layer of 4 micrometers of thickness which doped the GaN 
buffer layer of 0.02 micrometers of thickness on silicon on sapphire, and doped Si 
about 1020-/cm3 on it as mentioned above was grown up. This n mold GaN 
epitaxial layer is also equivalent to an example 1, and, as for surface morphology, 
showed 1.0xl019/of carrier concentration cm 3, and very high carrier concentration. 
[0036] [Example 2 of a comparison] Except forming the buffer layer of A1N by 
0.02-micrometer thickness, Si was doped like the example 8 and the 4 
more-micrometer n mold GaN epitaxial layer was grown up on the A1N buffer layer 
formed on silicon on sapphire. It is thought that the carrier concentration whose n 
mold GaN epitaxial layer of this is 5.0xl018-/cm3 and whose carrier concentration 
is about one example of a comparison is not obtained, but is compensated with an 
impurity, and is low. 
[0037] 

[Effect of the Invention] As explained above, it is GaXAll-XN (0.5<=X<=1). By 
forming in a buffer layer, the crystallinity of the gallium nitride system compound 
semiconductor grown up on it improves by leaps and bounds. Especially the crystal 
growth approach of the gallium nitride system compound semiconductor of this 
invention specifies the value of X of GaXAll-XN which is a buffer layer as the 
range of 0.5<=X<=1, and is characterized by growing up a buffer layer further 
within the reaction container into which a gallium nitride system compound 
semiconductor is grown up. By pinpointing the range of X of a buffer layer in the 
range of 0.5<=X<=1, the crystal growth approach of the gallium nitride system 
compound semiconductor of this invention can improve FWHM remarkably rather 
than the gallium nitride system compound semiconductor which uses the 
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conventional A1N for a buffer layer, as shown in drawing 3 . FWHM is a parameter 
which shows crystallinity. therefore, the thing for which the approach of this 
invention grows up a buffer layer and a gallium nitride system compound 
semiconductor within the same reaction container -- in addition, the extremely 
excellent features most important for the approach of growing up the crystal of a 
gallium nitride system compound semiconductor that crystallinity is remarkably 
improvable are realized by pinpointing the range of X in 0.5<=X<=1. Carrier 
concentration and mobility are also the parameters which show crystallinity. When 
growing up the crystal of a non dope, it expresses that crystallinity is so good that 
carrier concentration is small and mobility is moreover large, and high impurity 
concentration is small. As the gallium nitride system compound semiconductor 
made as an experiment in the example 1 of this invention is shown in drawing 9 , 
in hole measurement of a crystal, carrier concentration shows the extremely 
excellent value of 4xl016-/cm3, and mobility of 600cm 2 / V-sec. This value is a 
value which was excellent by leaps and bounds in the gallium nitride system 
compound semiconductor crystal. Carrier concentration is [ Ixl018/cm3 and the 
mobility of the gallium nitride system compound semiconductor incidentally 
manufactured by the conventional approach of making A1N a buffer layer ] about 
90cm2/V-sec. Carrier concentration is excellent and the gallium nitride system 
compound semiconductor which carried out crystal growth by the approach of this 
invention is excellent in mobility also about 7 times 100 or more times. 
Furthermore, when the crystal growth approach of the gallium nitride system 
compound semiconductor of this invention forms a buffer layer, processing of what 
also shows [ the GaN epitaxial layer which doped Mg grown up on it ] p mold 
nothing. This is the first thing and completely shows how the crystallinity of the 
gallium nitride system compound semiconductor grown up by the approach of this 
invention is excellent. Moreover, the n mold GaN which doped Si grown up on the 
buffer layer also shows very high carrier concentration as compared with what 
made A1N the buffer layer. Compared with the conventional A1N buffer layer, the 
conditions for growing up a buffer layer by the approach of this invention are loose 
further again. That is, the crystallinity of the gallium nitride system compound 
semiconductor layer grown up on it is good in the range where the thickness of a 
buffer layer is large. For this reason, it excels in the mass production nature at the 
time of forming a light emitting device. Thus, by using the technique of this 
invention, the application has a very large thing towards utilization to 
semiconductor laser not to mention blue light emitting diode using the crystal of a 
gallium nitride system compound semiconductor. 
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[Brief Description of the Drawings] 

[Drawing 1] The outline sectional view showing the structure of the epitaxial wafer 
by the crystal growth approach of this invention 

[Drawing 2] The outline sectional view showing the structure of the epitaxial wafer 
by the conventional crystal growth approach 

[Drawing 3] Drawing showing the relation between the mesial magnitude width 
(FWHM) of the double crystal X-ray rocking curve of a GaN epitaxial layer, and the 
thickness of a buffer layer 

[Drawing 4] Microphotography drawing showing the structure of the crystal of a 
GaN epitaxial layer 

[Drawing 5] Microphotography drawing showing the structure of the crystal of a 
GaN epitaxial layer 

[Drawing 6] Microphotography drawing showing the structure of the crystal of a 
GaN epitaxial layer 

[Drawing 7] Microphotography drawing showing the structure of the crystal of a 
GaN epitaxial layer 

[Drawing 8] The partial outline sectional view of the equipment used for this 
invention 

[Drawing 9] Drawing showing the field interior division cloth of the carrier 
concentration by the hole measurement result of the GaN crystal by the approach 
of this invention, and mobility 

[Drawing 10] Drawing showing the field interior division cloth of the carrier 
concentration by the hole measurement result of the GaN crystal by the 
conventional approach, and mobility 
[Description of Notations] 

1 -- Reaction container 

2 ~ Susceptor 

3 -- Heater 

4 Reactant gas injection pipe 

5 -- Subinjection pipe 

6 -- Exhaust air pump 

7 -- Motor 

8 - Exhaust pipe 
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-&SGax Ali - x N (fILO. 5£X£ l©JBffl 

R:«It*±Wr^»7TJit»»W«:*l*JWtL. eft 

Zmte&tLX, l>7ig££2xiO l 5 -1X1 

o 1 9 /cm 2 i-r&»fc3tfy>A»{k^«»*aw**«E 

3yjw*B©±cc jiss swci^Mi -r s» *s i «c 
3 ] flTKWbtf y A*<b^W¥aw*iiaEfi 

*«: S i X«M g t F - ^« C i ft »■ i r * IM&B 

i jcB«©»b*y * A3R{b*«*«(*©»»«fi* 

■c^sci *«fi4T*»«? i «:K«oa{ b^/ y * a 
Wb^**f*©*SaSES#ffi. 

[»5R3B5] &»g£8. 5-6 0 0 cm 2 /V-sec 
ir&»b#y*A^fc*«**f**J*S3tt*«|3»I 

i ttfats;* ft*g{b# y * AaHb^^ttottaftfi 

[0 00 1 ] 

«c, fflb^y^A»{b^*2»»<oisa*at«S'&** 
skhu »«cisatt©flHi^:a<b^y^A»*»*{b 

[0 00 2] 

-«5S# [Ga x All - x N 

(tiu xrao^x^ i©«hk**. ) ] (om^mt 
^wxwttB stress. Mb#y 

*«&flMb£4Mlfl 

sSfiffi («T. rMOCVDffij ) as<fc<sne> 

eafiSgSKfcfc <fc* 9 0 0 -C~ 1 10 0 "CCDiSSr® 

BfcdEfiS inUi^xtur hyy^-rt/ 

[0 0 0 3] c©j:^ccorjiRfis-a:yfca{b^y^A* 



(2) ^2 00 2- 1 54 90 0 

2 

[0 0 0 4] MOCVD^ffll^r-fTl 
«Ji«Cia«SEfi3tlfc. W*.tfGaNB©«ffitt. 6ft 

[0 00 5 ] C(D<t^«cWH«r»9i-rSfe«)«:, Mb* 

io vvAmit^m&ft<ofe&*f&&2#mic. »«± 

CCA 1 N(D^^7rJ»«:)SSSS#SSrffi**a*34i'rt^ 
£ {Appl.Phys.Lett 48,(1986) ,353, (7^7^F 7 
4*?v9X U*-X 4 8i k 1 9 86^ 353 
M) s *<fcOWW 5 P2-2 2 94 7 6*t&*} . CCD* 
f77^7lfiJ:{C, /SfiiBfi4 0 0-9 0 0'C 
CDffiSt\ W*#l 0 0-5 0 0*>y* hP-A(DA 

tf. ><*:7yBt?*£A 1 NB±*CGaN*JifcfiS-tfS 

20 ^ * 

[0006] 

^y7TB©JiSfi*ft^iSl/<«IIHSn. L^fcK 
/** 1 0 0-5 0Ot>^hD-Ai^tCl^Ii 

&tc&. W?7Tit, 
^Ii^7 7 ^7!E m«ft50inmW7r 

s»b*/y «5Aj!Hb^»*3Wt©«att*j ±c«ffi*7 
©*Satt«*^HflaW«c»36y-f*-F, amw*u-if 

[0007] *»w«c©j:5<c*tf*«*r3a:snfc 

OK3*«Kfb#y 9 A»fb6**»*©*Satt*JJ:iy 

fb*ry>A*fb^«j*»»3WSSLr, £BJ:<ii!E6-c 

40 [ 0 0 0 8 ] 

*fcfc©*8] *«w©»b#y>A3R 
<k^«9*«i*©i|Sa/SS*ffi«, W»£Bfb£«tfWaS 
fi&K J: 0 . b*/ »; VAMl&&¥m»OWlk*&& 

(KGax A 1 , - x N ({11/ 0. 5 1 (DfoHr 

) ±9ft**ISa©'<97TB*J**Stt*. # 
cc*«*»ffl3i*r*©^v^^ TB«r8l5»WK:#*sa{b 

u s6«ci}f2^y7rB©jafijaff<fc0fciSiar, ^ 
<b# y * A^b^&§tt«j££ $«ci «wfK& o 

50 tOSo 
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[0009] *mn<om>m2<Dmtrtv 

[0 0 1 0 ] m&*v7ym<DM£te, ^4-06CC^ 
-r^^^C, fr£L<te:0. 00 2/zmW± t 0. 2/im 

£6«?£0<«0. 0 1-0. 
i^-T^o ^<DJI3#0. 00 2 Mm<tOI< k £/c, 
0. 2 um£*)B\<>t, ^v7rm<D±.lcMm$tiZ>m 

itx «; ? Amit^^m»(o^<Dmm^ y * a 

[001 1 ] £tcm&iv 7 r »OfiKfiiaffi«2 0 0 °C 
feUi9 0 O'CfcTF, »*L<»4 0 0-8 0 0 8 C(D|5S 
PBg-T*. 2 0 0°C<kK>m>t. '*y7rm&fc1$,LttC 
<<, *fc9 0 0*C<fc!3iSl><fc. ^7 7 7B^*«Si 

[0012] 

[ffiffl] HlfcGax A 1 , - x N^<»7TiiU 
*?SU H2GCA 1 N^y^Tiilt, Rli;<^© 

attisajwsfir**. 

[0013] LCZVA 1 N£^*7rJl£ t,T^{b# 
^JOAmt^^m^O^^^^^mt, Thin 

Solid Films. 163 ,(1988) ,415 (is 4 > V 'J * K 7 
^;UAX 1 6 3«, 1 9 8 8^, 4 1 5H) > *5<fct>' 
Appl .Phys.Lett 48, (1986) ,353 (T^-f K V 4 i? 9 
97s U*~-X 4 8t, 1 9 8 6^, 3 5 3H)^C 

[0 0 1 4 ] i&U (ft 6 0 0°C) T0Efi£l**A 1 Ntt 
3M£a»r*0, C^^7l^m«GaN^S 
5^^/c^CC^l 0 0 0 o CtC^-CMS^±Cf^^, HAS 

1 0 0 0°CVGsiN%f&&$&ZmcJ]&<Dffi~>tcm& 

G a N**Sa»#fiSfi"C* v y rMtfift^t * » 
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[0015] #*9§<D J: 5 CCG a x A 1 , - x N ( 0 . 
5^X^1) ^A'^TliltMUcii^SW 

[0 0 16] **V«*:7tJB&LT. W*.«X=1©G 
a NtJKfltr t, GaN<Dlkj£t21 1 0 
0'Cr*0. A 1 N<DBfc«£ttl 7 0 0TOI) 9 CCD/c 
266 0 0"CrGaN©^^7TB«rJI5JiSr4i, &tta 
©y< ?vy JB#J5SfiT 5WC C <Dg>t£F*<D G a N ? 
10 7 7 J1<D±CC GaNOxW+i/t JWi */£fiT £ fc«£> 
fc 1 0 0 0'C&VM&*±tfZt, GaNO^y7ri 

[0017] OfrfcA 1 N£^7yJg<tt/TffJjSOfc 

CD iba3W»»©riiKtJ*urc>fti*«c«»fc* 
usafbb-^'rc*. cotctb. s*?y r moms *J¥< l 

20 © ^^rl^GaN^OT, *<D±CCGaN<Dxb' 

[0 0 1 8 ] &±©C±£iSK^£/ctf>, A IN, Ga 

0 . 5 A 1 o . 6 N. GaN<D3^I<D/>'*7yJf£6 

1 0 0 0CTGaNiK>*^tJHt4 /imOJl^r 
Jflofi3i*fc*§£©, GaNxt^+>>t;HOWf 
yx^;i/Xttay*>^*-^<o*fflrtJ (fwhm : fu 

30 11 width at half-maximum) <t^* 7 r MOBMtCOm 

[0 0 1 9 ] 03fc:7jVr<fc5K:> Ga N v *5<£t>'Ga 
o. sAlo. 6 N(D^yyrmtOtch(D^ j£tw* 
7 r H<DJg/PISHr*gatt^<fc < v W£<DA 1 N©^* 

[OO2O]04-I7JC V ^7T^TS«±«:fl5J5S-r 
5GaN^-;7 7lOWm, 5 ^>tC^CD±tCG a 
N©xhf^*2^ + il'Ji*4 tfmfig^ti'/c^©, Ga 
40 Nxt4r*i/ + ;I/Jl<D*ffi©tSa«JB**T»»fll^Jt 

0. 00 2/Ltm, 0. 07/im, 0. 20/xm, 0/Ltm 
[0 0 2 1 ] cn6©H*ltt»* s -6«fc^, 

ccft bfrL'ivyri&wm-rifzts m. 
wows® (mm*y * n^-> &m< 3tes«ifijtc*s. 

50 L//c*^r$f*OCw>*.>7rBcOil$«0. 0 1 Atm^ 
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5 

60. 2 um<Dffl-C$>2> 0 

C0 02 2] t3t#»WO«fi«ft*ffiK:cl:5;^7r 

^^7rilO±CCpSGaNxtT^*^i';HB«:IilEfi3 
tf£C£&r£& 0 10 
[0 02 3 ] 

[SUM] «t\ *nm<Dms&wzmir&. {buht 

[ o o 2 4 ] h 8 «cs%-r*6B*flBc»r »t^/ y s &mt 
&oizm#<DmBj&&& = T o/c 0 20 

[ISSW 1 ] TIBCDXffr^v r -f rSSJCGa N©x 

<3> *(D8L H 2 #XtS«WfXiM#«4 4, JSJSSS 
6, 1Mz:/*~2*b-*-3K:J:oT 1 0 60"C*r 

Jraasrs. 30 

tn 2 tfxoastt-eft-tfii o y * sis* 
xpas*e4^6tt*&-rsr>*xr^xc[)a£»«4 y * 

Yh/ft. H 2 1 »; » hV^iU, CCD 40 

t^Wfc:/*-2CDfiB»*5 0 Q'WC&fet&tVft 

t4*67>*-r^iH, tfxttflnAT, tmg 

( M,M*;M/!/$A) jtf**2. 7X10" B W 

#r l 

<S> &&CTMG#X©#£±tf)T, ^7 7rlOlSfi4 
lttf)&o CCCIJI0. 0 2/imO^*;7rl^Mt 

£ 1 0 0 0 o Cg-C±H£tf 50 
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® n^^-2©aa*Ji o 2 o'c*t?±ffiwi 
Sj£^x«i*S4^6r> j exr^<bH a #xecto* 

r. TMG^^5. 4X10" 6 -t^/^OgEl-C 
6 0^»Ut, GaNxf^i/t^M, 4. 0 

CM, BJPBtre5fr6«K:Ha <tN 2 #*«SJiGeD2fe 

J: 5 CC 0 r $ fcU"fe :/* ^ 2 WlSsh-CClSfi^JSfi 

««±&c\ J&JfO. 02amOGaN^*77B t *<& 

[0 0 2 5 ] [immi ] ®^y7rl*M«I 
flCt&t^T, A 1 NCD^^rJf^rO. 0 2 MmOJgJl 

7rJ!<D±K:4 mnCDGa Nxb £+;>i>;Hi£j£g$ 
■tf/c fcteA 1 N><*?tJB*»JiH-*I», OtC*sl* 

JSCc^^i®lt , g4^e)r>^xr^x<!:H 2 
Jjn*.r, TMA ( h »jy^;l/T;U^x^A) £2. 7X 

1 o - 5 *to/5rc i 

[0 0 2 6 ] rtf \i\ #fMB«: 5 

J:5GaNxtWS/t;Hi, Jtffiflll *C J: * G a N 
n##>, *©IS*teJ:S* + yT«BL *J<fcO'»lfta© 
»H 9 % JtRWraH 10, tt'J T«BH*#. ^S&gte 
[0 0 2 7 ] -/>F-^©IS»*««S*fca»a * 

* y raattvhs < . ir>s, is*tt 

[0 0 2 8 ] *»98tC<fc-6GaNtt, S9 CC^T £ 9 K 
* * y TrgfittH x 1 0 1 6 /cm 3 v #ttffi#6 0 0 cm 

2 /v-seci#«(C<fcl^ffl*7S-r. — A 1 NZ'*v 
7r»£L/d:b«0U tt, * * y TiftKtf 1 x 1 0 1 8 
/cm 8 v *5«fcOf»»S3W«j9 0 cm 2 /V-secT&ofc 0 

[00 2 9] [^SSfi0il2] ©<D^^7rJB*JKfit'r4X 
BCto^t, Ga 0 . e A 1 o . 6 N©^9 7rt*. 
0. 0 2 Mm©JgJir?&£l/T, ^^ 7 IiHWJ 

*A*{b^«^»»i*Bi-tt«iLtoc»ai*«, mm 

mi tffl&lCOX. /N*^^rJl(D±tCGaNxb^^^ 

^Xi®W , t4^6r>^:xr^^<l:, H 2 ^x^cjn^. 

TMG^2. 7X10 - 8 ^e^/5>, TMA £2. 
7X10" 8 ^Vmn^O. SftMffiLtc. c 
(DGaNxb'^^^^^^^acCTn-r^^JC, ^n/c 
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x$>~?tc 0 

[0 0 3 0] [HUMS] ®iC*si,>X'*v7rm<Dl&& 
U&ZG 0 O'Ctb. ®<DtfX%L&fm%2. 5$MH«:£ 

rtv7rmoim*Q. 0 5wmii-m n 

JSWl <t|5lJ§CCUT, GaNxb^^VtiH^Sl 
/Co COGaNxb^^tJUfegl^^tP^-li 

?ag^8 o o'cttzmz* mmmi tmmcux, g 
9 * > if ±> - -?<D*m ft » 3 # & gin fcteatt* 5% o , 

[0 03 2] [Xlkffl5] ©©A'^rf^MtSI 
gKlfc^T, mmm2 t\5\ffi<D3kft-C. Ga 0 . s A 
1 0 . 6 N<D'*yy 71^0. 0 2 umOBWXBtiZ 

<bH 2 #*ocuna.r, tma#*£2. 7xio- 5 ^ 

;l"/fl\ TMG^/X^2. 7X10' 6 ^;u/#<Diftfi 
T?6 0#ffl«*&LT, Ga 0 . 5 A 1 o . s Nxb'^ + 

itmwttcbx, vvrirmsudtx.. mmo. 02 u 

mOGao . 6 A 1 0 . 6 N'< -eo±CC4 
wmOGao . 5 A 1 o . b NxfcT$r*^ + ;WB*l?£fi 
3tffc„ t<DGa 0 . 6 A 1 o . b Nxtf^=r'>t^l 

[0 0 3 3 ] [n»«6] ®{c*5i»r. r>^xr^ 

X, H z fcJ:On"MG#;*Cdni*."C, CpzMg 

Mg^K-^lt, pSGaNxt^^>t;H^4. 

0/m©l»*rj5RfiSi*fc. iiBOck^tcorif^T-r 

TSfeiiCC, mmo, O2Mm0GaN^^7l v ^ 
<D±fCM sr * 1 0 2 0 /cm 3 K-:/U/cHJ?4. 0/im 
©pMGaNxt^^i/tJH^?1i/c 0 COp^ 

lteiircao, +tyr«ffi2. oxio" 5 /c 

m a v *£ftg9. 4cm 2 /V -sec£g{b#y •> A»{bA 

c©xt^+i/t;i/l©fc e B tt ^(cgnti^c i 

[0034] [jafe«7 ] mmm i rf#/cMii4 /im© 

t, ]i§J¥0. 02/xmOGaN^y77l ) <£<D±tCM 
g£ 1 0 2 0 /cm 3 K-^L/cJfIJ14. 0/im©piG 
aNxtf**W;UH*J5SfiStfft:. CCOplGaNx 

**yr«ffi3. 5xio' 5 /cm 3 % 
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8. 5cm 2 /V-sec£[5jC< pffl«tt*5%Lfc. 
[0 0 3 5 ] [IQSW8] ©tctel^ T>*^T# 

H 2 ^tfTMGtf^dJtJAT, (S 

iH 4 ) GaNxtf**S/*JWB«C 
nfflOT>l*«rc**S i * K-^LT, 4. 0 *x m(D]H 

it^^tfco ±ie©J: securer <irmfc± 

M/fO. 0 2 /imCDGaN^*^7 rJl, ^CD±CC, 
Si*^ 1 0 2 0 /cm 3 F-^0)fciI4iimOnaG 
aNxtrfr^ + JWBfcfiSfiStt/c. C(DniGaNx 

-c* o , tf; r?£g i . o x i o 1 9 /cm 3 i^cc 

[0 0 3 6 ] [lt««2] A 1 N©^5r7yJl*0. 0 
2ixmC0BWf"C»JiS-rS«W*, SE*W8£EI«K:S i 
^F-^L/T, ^T^rafiiiCjgfiEO^A 1 
7tJI<D_Bc\ ?6JC4yra0nIGaNxt^^'>t 

* + y r*£ffi# 5 . o x i o 1 3 /cm 3 r& o , tfc 
«w i *s<d*+ y r«a»fienf, wswcci o«« 

[0 0 3 7 ] 

K±ttW0^<t9iC, G a x Ali - x 
N (0. 5£X£1) *^^7rHCCBJ5S*rSC<t«: 

<toiiiitt*s, nwiwccieii-rs. ^msoafb 
*/ y ■> A*^b^«»¥»t*<oisaaEfi*ffitt % 

t?£>£Ga x A 1 , - x N©X©ffi*0. 5^X^10 

30 «rt»ira. ^»7yii©x©«H*o. s^x^icd 
«ffltc»3e-rs Cicero. **w©afb^y»>A»<b 

©a iN*^^^y®«:ffiffi-r^Sfb^y^A^b^«j 

^3»ttJ:0fcFWHM**U<8Sc* , r*-6. FWHMtt 
*ffitt % ^v^yliimb*y*A3R{b6«*»»<!:* 

%o. 5 ^x^ nc^-r^ciccjco, »kx/y>A 
»w©n*fi« i t*ft3hfcj»b#y •> A*^b^«j¥» 

+ + yr«a»«4 X10' 8 /cm 3 , ^SbS6 0 0cm 2 
/V-sec<hl^«*r«Jh/cffl*^-r. CCDffi«, M{b 

*y ^A*fb^«^(4«a«c^i»r^«cc«nfcffl 

50 -C^-So ^*^tC, AlN^777l<!:t$Se*CD* 
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&v»ftstittmii#v*j*&{t&fa*mm*. * [03] GaNxt^t^t;n©w^^^^ 

T«fl»Sl XI 0 1 8 /cm 3 , *»KjWft9 0cm 2 /V- XIa? + >y*-Wffll|J (FWHM) i, ^-;7 

A*fb£«MNw*« % *-r »;raiaw i o oistLh * [04] GaNxtrd»*^*;m©is»©flBt** , r 

* A«{ b^W*3W*©ISJtJafi*ffi«, » 7 r Jl*» [05] GaNiMtl/t ;u»©»fl©«fi*3ST 

-c^gs if b# »; 9 A^bd«Maw»©is»tt*«c» io c 0 7 ] GaNxf^t JUBoisa©***^ 

Ji±tefi5Eg3-i**S i ^F-^l/cnlGaNfc, A 1 [08] *»WtCfiefflUfc«»CDW»«ll8WfffiH 

tetter, WMi©*ttrtt, ^»7rJi*flat3** HT0 

/cfeO^^«^r^)^>o "r&fe^ ^v^rJiOff [010] fie*©*ffiCCJ:aGaNiBSO*-Jl/«J5E 
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[SffiH] ¥s£l 3¥1 0^2 H (2 0 0 1 . 1 0. 
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[#«MiE 1 ] 
[ffiiEttMLWmZl WMW 

[ffliEl*3S] 

[M#9 1 ] *MMb£<IMlffif$Sffitc J: 0 , n -j 



45SGa« A 1 , - x N (ffibO. 5SX^ 1 

KfiK4±tfT;<*7r»*ai5#WKiii*£lirfbU Ch 
&**&S£ L/-C. * + 'JTflSK* 2X10' 6 ~ 1 x l 

o 1 8 /cm 2 L?zm<t#')VJ»mit&®¥m#zi$, 
i KKttomt^y ■> Ajft<b^¥«<*os B s a ^s* 
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v$> & c <b -r i tce«K>»b# y * a 

[»«3B5] ^»K£8. 5-6 0 0 cm 2 /V-sec 

i fcsanshsaft^y * A*fb^^*©ig&Kfi 
g(b#y g Amt^wmm&mtzmr&mitttv g a 

OTiS^y^rBtt, HttjfrEGax Al.-xN ({ML 

o. s^x^ i<pgHr&s) r^3fts^&< <hfe# 
Ifgglbg y g AMij^SK ±+Jl rttttfl 

30»ttJi <p±k: Mgnrt^ f ij;£3i 6 f B%ogj b£ y 
r*sw^3B6ia«<Dafb^y » A^fb^w^M*. 

[tt3gg9 ] IgggibgUg A^b^^iaB^ 
-i^Ga x Al,-xN(0. 5^X^1) 
n&y> F-7 p OJl'C$)^li3|c3i6 7!;MIB^8IBl£(D 
gfb#y**»Jb6»33»tt, 

Llfga i o 3 HBgjbgy g &&it&9i¥m»m 
^3B9ga«og<b3y y 

CaWSB 1 1 3 WBBSJbtf y g A^lb^^lftl 
fct, »ttg^8. 5^60 QcmW' s e ctfeS 

gfcRg 6 n^ssj&s i o 9B«g>gjb# y g a^{ b^»¥ 
[gj#S 1 2 ] jjjiglilM v g A^jb^l^aai 

Mg^F-^gn/c-i^Gax A 1 , - x N 

(o. 5 ^x^ i ) r^n^>ir^ot > pj^t 

C £ £T<£ 6 7Sg«3gg 8 f BttOSH b# y 

imm i 3 3 mfiB^b^ y 3 A36{b^ft^»w 

tt, S i ffi F-^8tifc"«g^Ga x A 1 , - x N 
(0. 5 ^X^ 1 ) VjjkZHZ>m'V$>*oX. njgjj^g 

3A3EJb^ft¥aHE, 
[0 0 0 1 ] 

[jSJSLhQ*OT#i?] *»W«f7 7^7§©St± 

cc, ^b^y^A^b^¥^cD5e B e ^^g$#^>^ 
iss ^iM y 9 ^mt^mmmmcmo, retcisatto 
«ftfcfi{b#y «)A^#wb^xt^+^t;n 



[0002] 

^5***, HBSW [Ga x A 1 , - x N 

^^^^aasntc^o g{b#y*A*{b£«»¥«* 

f^l6a*l3»StfS3rffi<!:LT, W«£JSfb£«jSttl 
J$£S («T, TMOCVDiSj it^ 0 ) 3W:<fcl6 
*rtl>*. C©*ffitt1f7T-fT»«*a9«LfcS)£S 

Srtcc, sjfc#^iLr*«afe)ii{b^«j^x*«*&L, 
*SS^SSffi€r*J<J:^ 9 0 0 °C- 1 1 0 0 B C(0KMr« 
RrLr. »^Wb^B^awtefi<Dxtrdf*^ + ;i/» 

»*j^*i*5»^fctt, in^tfx <h lt h y 

[0 00 3] COJ:^CCLTScS3^c^b^y^A^ 
J8o*fc«>K:w\ #-fclSatt*ffl±Si«c£j^ig 

[0004] MOCVDS^tt77^7i 
tf^S * Ftt. ftC»L«6fttt«©tftfi^dr->i&o 

differ? $> o /Co 

[0005] co^sfmrnzmm-zititoic, mtn 
y^A^b^^ftflaBasjass-ttswcc. s«± 

CCA 1 NO^^^rJBijaEfiS^^ffi^ffilgSnri* 
£ {Appl.Phvs.Lett 48, (1986), 3 53, (777^ K 7 

L£-X 4 8i, 1 9 86^ 353 
H) , *$£^H¥2-2 2 94 7 6#&«} . C<D]fr 
f7r-f TS«±fc:* j£fifflK4 0 0~9 0(TC 
©16fiT\ JB»*«1 0 0-5 00t>^ bU-AOA 

« % ^v7y»r*«SA 1 NJt±CCGaN*J5S«S^*' 
[0006] 

[IftW^lBaLJi^ir^aW] LfrL&#6iWB#ffi 
» % ^v7rJBOjflEfi*ff : * s iRL<WI83ti. L^feBt 
ff« 1 0 0^5 0 0^>^J^ hO-Ai^Cll^i 

-safb^y ^ A»fb^«¥5wtoisatt*j 
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[0 0 0 7 ] *Zm\*Z<D£'>rj:&tft*:m&xrj:Stitc 
JSSStt&Bfbtfy A*{t^»*»<*©ISJltt*JJ:V 
{b#y$A^b^¥«tt#£SLT, #SJ:</&gr 

[0008] 

[■Hi*jBtt'r*.yfc«e><D*a] *»BB©fiMt*y>A* 

«Ga x A 1 , - x N (fflUO. 5^X^ KDWRV 

fb# y * AMbg*4£B#*riHt 3 * & C <b *«f« t L 
[0 0 0 9 ] 3 *^CDli^2©^{b^y^A 

»*wacpmb#y ^ A»ib^»^t*Mo« 
fi#Sctt. fufe^fbtf y -5 A*{b^Bj*3»ft»RSS*«: 

©3fb# y ^ A*fb^»*awtofij6fi*ffitt. una/* ^ 

7 y 0. 2MmHTilt^ B 
[0 0 1 0 ] fTIB^y y rJS<D/f3«, EI4Ha6«:5* 
•TJ:5K:* #£L<«0. 0 0 2 Mm«± v 0. 2 Mm 
«T\ S6tc»*U<»0. 0 1-0. 2/imCDlfiHK: 
Iffi-r^o *©»3#0. 0O2MmJ:0I<, Sfc, 
0. 2 /ira^OJI^i, ^97rlB<D±tcJ&fi!53*l*a[ 

fb# y * A^{b^¥^o^cD^M^ 7 * o sp- # 

[001 1 ] *fcWiB><* ^ r «©JjSfiSKtt2 0 0 "C 
tt±9 0 0°COT, Jfr^O<ra4 0 0^8 0 0'C©ffiffl 
■R-fS. 2 0 0X;j:0ft^i t ^yyrm&J&l&blC 
<< % *fc0 0 0X!<t«3*^i, ^^y^SISai 

[0012] agHBoatf b* y g A%{b^»^»fttt, 

g«±CcW«^)||{b^»fi8fi^aK: J: O^i^n^ y 

<b^»tw^^t5»w y * AaMb£»*E»tt 

^ot, ^-;77l^ HBa^Ga x A 1 i - x N 

mwm*. * t y raa^ 2x1c 5 ^ 1 x 1 0 1 9 

/cm 2 r&£ 0 
[0013] 



Um] BKCGa. A 1 1 - x N&rtvVTMtl, 

3 tffc»£©x b* * * ^> t ;W x^©«»**r KHH 
*3*U B2K:A 1 N%^ 7 7riiUt:, |nJC<^<D 

«>. *Ha<^^7y»teJ:c«{b*ry i >A*{b^»* 

[0 0 14] iCiTA 1 NZJlyyrmtbXmtrt 

Solid Films. 163 ,(1988), 415 (t-M > V'J * F 7 
-f ;l/AX 1 6 3«. 1 9 8 4 1 5H) % 
Appl.Phys.Lett 48, (1986) ,353 (T?y>( F V A*Jv 
>?X \s*t-X 4 8i, 1 9 8 6^ 3 5 3I)f^C 

[0015] ffiffl (3ft 6 0 0°C) ri&B3-tf*A 1 NI2 
*»S»r*0, C0^v7 7l«:WA«GaN*ffiS 

3**3fc»{c»i o o o 8 ccc£rs®£±tf&i^ B# 

B<h&0, ^iS B W6GaNM B H B «Il, 

G a NWffiJUlJM&S'C* &<> >< y y y Mtffcl* & # « 

[0016] *$MB© «fc 5 CCG a x A 1 , - x N ( 0 . 
5^X^1) Z^yyTmtLXmf&LtcmSZUX: 
©A 1 N*;<»77itlfc»^4ltlW*4» «T<D 

[00 17] Jf/^^riiU, WU*X=1©G 
aNZBl£*2>m&**S*.2>ts GaNOB^il 1 0 
0 o CC^)0, A 1 N<D»bSWl 7 0 OVX&Zo COtc 
toQOO'CXG&NO'iyyr 
©'< y7y JB^JESfiT ^>o C O^lSftOG a ^ 
7y|g©±«:GaN©xh-»*J/T;l/JB*fiSS-rs/c«& 
tC 1 0 0 0°C^-C?aS^_hCf^i, GaNC0^-;77l 

GaNxb^^^tiH^i^lt^ 

[00 18] LfrhA 1 N^r^'^^yficbLT^iSU/c 

CD iWS[Wfic>©rs*«r±j»orc»Si 
HSfifbu^rc*. c<Dtc$>, ^^7io»s*i<i 
r*>, A*^7iiir©W)B^fc^^ 0 

© ^v7 7i^GaNft©t l ^CDlKGaNOXt 
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[0 0 19]«±©Ct^«ISt^ A IN, Ga 

0 . s A 1 o . 5 N v GaN(D3*tS<£>^:7yJ!£6 

1 0 0 0°CCGaNxb^^>t;H^4 umOW ZX 

»;x^;bX^n ^^>^-^(D*ffirti ( F WHM : fu 
11 width at half-maximum) v V yM<OWf-t<DM 

[0 0 2 0 ] ^3CC^*r<fc^(C, G a N, WO'Ga 
o . a A 1 o . s N<D'*y 7 rMtLtcbCDItX, ffilwt 

[0 02 1 )04-07^, VVrJTXBLBcBtiirlr 
Z>GaN^v7ym<Dmm*^?L, £6&t^<D_biCGa 
N0xt'^^>t ;UJ1£4 MmJffifiS Ga 

s^^Tc B4a>fcei7*rjBK:. ^'^^rii^sti 

0. 00 2/iin, 0. 07um, 0. 20jum, 0/xra 
[0 0 2 2] Cti6<DH«rmrfc^aj:5tC % 

60. 2 /zm<D5TC&£o 

[0 0 2 3 ] ^ tc*m}<Dfeiki&&fi&lc <£ £M v y y 

mu. yy yjrmfo±tcv-ctj:<m{wv v&mt& 

miC&j&OX mtfnlGaNxf^t^ 
JB©±K1. pIWWSMg^F-^$n/cpSG 
aN^f^^t^Ml/cl^ MIBnMG 

7r»©±tCpMGaNxt:^*^ + JHB*l5Sfi3 

[0 024] 

gtrnxowmicto^xm* (D^zmzzt ±&x% 

[0025] ms^rmm^m^xmitiJv^Amit 
^¥m&o^Bi&&%i7-otc 0 mmm 1 ] tiscdx 

grif^r -/7Sg(CGaN(Dxt^^>t;H ; S:4 m 



CD m&ZlTLfc2Jls*4><oyy y -iT^^-ty'* 

i ±as©BW»rtf 5 kj&ss i rt«cttiftua*« 

6, 1Mz:/*--2*k-*~3K:j:o-C 1 0 6 0°C£X 

© xm^-2©aa*5oo , ci'CTtft, i 

U J^#X«l*«4;fr6y>*-T;tfXiHa 

iN 2 ^<o»*«*ti*m o »; * sis*/ 

«t«rif-fe^5r-2 0iaffi^5 0 0 # CKlgc5£'r**'CfS 

CD rtv?rm*1&S&Z>tcito. SJ£^X«JW 

f4Wr>^xr^iH z ^JCtet, TMG 
(hV^^WJW) *X42. 7X10" 5 W 

#r i ^MSfc-r. 

<B> X«CTMG^©*tJtftt, ^';7yBOffiM 
lt#>£e 0 2um<D^vyym&Bf&X 

%1 0 0 0 # C*r±#3i*S. 

(2) n^^-2©Sg^ 1 0 2 0'C^^L/ci, 

r, tmg^x^5. 4X10" 6 

6 0^«lt, GaNxt^+J/t^l*. 4. 0 
C©HL BMW^5^6^CCH 2 <bN 2 rt**m&<D%L 

*R±«:* )gj?0. 02MmOGaN^*;7rl t *<Z) 
±tC 4 m m©G a N x + V t ;H^Sg 3 t/c 0 
[0 02 6] [JtCSMl ] ©(D^y^ra^JBSE-rSX 
fMCCfcOT, AlN©^777i*0. 0 2 /umCDMJl 
tMt^HWit £EI«iC0T. A 1 N^*? 

7rJlCD±&C4 /imOGaNxt;^*i/t;l/i4ffiS3 
tffc. ttfcA 1 N^«^7ieMt^^ (ZKCfcU 

so;^x«««43^6r> j e-r^iH« ^'xtc 
Jn^.r, tma ( h y ^^;pt;u$x^a) £2. 7x 
l 0" 5 l ftmffi>btc 0 
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[0027] >v>mm*m&~eft i\ *j»icc 

^SGaNxt^tW, tbWJlCCfc^GaN 
n##>> €©^IK<fc£**y7f&g> fcJ;c>*^»>K<D 

tin 9, mmnmio, ®®>mz 

[0 02 8] y>F-^©*SB S a ^S5^^ii^«> * 
i>'J7Tgg#,jN<*< s L^^^KjS*^^?!, USUI* 

[0 02 9] *mttC£ZGaNte. B9 *C7iVr J: 5*C 
* * 'J 7?gg#4 X 1 0 1 6 /cm 3 . »»a#6 0 0 cm 
2 /V-secilfSCCiC^fflS^-r. — A 1 N*^? 
^rBiWdtttWltt, **'JTiftK#l x l o 1 e 
/cm 3 , 9 0 cm 2 /V-seCC*ofc. 

[0 03 0] [£JtSfl|2] ©O^v^rJl^JlR-r&X 
StCfcl^T. Ga 0 . b A 1 o , 5 NCD^-;7tK, 
0. 0 2 MmOaWrjRfiRL-C, ^?7rBia<W; 

#X«§^4#>67>*xT#;*<t:, H 2 tfX&tJJDA 
t. TMG£2. 7X10" 8 TMA£2. 

7X10- 5 *;u/#r^n^no. 5#r«0fc o c 

©GaN*tf**WJWlfclH30C^'rj;9K: 1 «n/c 
B«*o^W30l«liH* *+y7WMW:# 

[0 0 3 1 ] ©tC*5^T^y7rHCDfiJES 
fig£6 0 0"C£U (2>©#Xdfcl$fS£2. B^fflCC^ 

/Co C©GaNxt^+i/t;Ht>SI«*D2/-« 
[0 0 3 2 ] [HSS«4] ®CC*5l*rA 9 7rH©flSfi 

aafcsoo'c xtkMi iraaMcur, g 

aNxtf**w;l/Jf SJiSfiOfc. C(DGaNxb^+ 

9 + > y * - 7<D¥-mm* 3&t atifcts a& u , 

[0 0 3 3 ] [SO«0|5 3 ©©^v7TJB*«fiR-r&X 

ercfcor, hj&w 2 <t imato^ftt? , Ga 0 . * a 

lo . 5 N<D'iy? rJiSrO. 0 2 u m<D^m ~C&f& 
U mcte^T. Kl£#X«««4^67>*xr#X 
tHz JJMcm%-X. TMA#**2. 7X10' 5 ^ 
TMG^*2. 7X 1 0" 5 *:)\>/ft<lM& 
Vd O^MUt, Ga 0 . 5 A 1 o . 5 NXW* 



1 <fcH«fc:i,r, tf:7W7S*g±&c\ ^i¥0. 02 m 

mCDGao , i AU. i N^?7rli, *©±*C4 
MinCDGao . s A 1 0 . 5 Nxt^ + VtiH^ 
3i*/c 0 CCDGa 0 . 5 A 1 0 . 6 Nxtfir+f 

[0034] [SB*«6] ®cctei>r % r>*-r^/ 

X, H 2 fcJ^TMGtfXKttl&T, Cp 2 Mg 

Mg*K-^lt, pIGaNxt'^^>tJH^4. 

7gt£±&C > Jgj?0. 02MmOGaN^*;7Ti, ^* 
<£>±CCMg£l 0 2 0 /cm 3 F-^0fc>W4. 0/im 
OpMGaNxb^^^t;H^M3t/c 0 COpS 
GaNxt$ + S/tJHfe, affl«*ai?-ttWII0| 

1 tmm-cM, * + yratt2. oxio 1 6 /c 

m 3 , Stt@[9. 4cm 2 /V -seciBft*/ U * A*ft^ 

c t: * *s/ + ;Wi«MS»tt3W*at«:«nrc> * c t 

[0 0 3 5 ] [*««7] SSI6Wir»ytBW4am© 
GaNxt^ + S/t;H©±«c, m»fl«6il5I««cb 
r, J^i^O. 02MmOGaN^^7i, ^<D±CCM 
g£ 1 0 2 0 /cm 3 K-^U/cK/»4. 0/imCDp^G 
aNxb^^>tJH^S$f/c 0 t<DpMGaNx 
trfr+WWBi, atffi*7*P^~tt|lft0!ll 

r&o, * + yr«fi3. 5x i o 1 6 /cm 3 , 

8. 5cm 2 /V-sectmC< plfl»^l/c e 
[0 0 3 6 ] [^018] 7>*xr# 
X, H 2 fc<tt>*TMGAfXtC»n^.r, zsvls (S 

iH* ) tfXZmLte&h* GaNxt^5/t;H«C 
nlO^^^S i?:K-^U, 4. O/xnKDJg 

CC, Mi¥0. 0 2/imCDGaN^'^^T/l, ^(D_hCC, 
Si£#n 0 2 0 /cm 3 F-^lfclS4tfmOnSG 
aNxt^^^t;bl«g$^/c 0 C0nlGaNx 

0 % + * y l . o x i o 1 8 /cm 3 i*»cc 

[0 0 3 7 ] [Jt»«2] A 1 N(D><?7tJ1*0. 0 
2Mm©H«"CJBfiSr-5«W*. 8 i lUfil^S i 

7 7 l©iiC, 36fC4MmOnSGaNxt^^>t 
;l/®4^$-if/c 0 C(DnIGaNxt^^Vt;H 

yrSWWS. 0X10 1 8 /cm 3 r&O. J:b 

taw i a©** y r«*tt»6tir, ^*s«j«:«fc 

[0 0 3 8 ] 

«±MM0^J:5«c, Ga x A 1 , - x 
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N ( 0 . 5^X^1) ^^TlfCMTSCitC 
r*l)Gax A 1 i - x NCDX<£>fii£0. 5^X^ I <D 

^¥mt*<D&&f&&jimx. ^3&c^tj:^oc, fie* 
*o. 5^x^ icc«ffi-r*c<fcccj:o, a{b**y^A 

tint* H 9 (ct^-J- <fc 9 tc, IS»<D*-;i/«l5eictec»r, 

y7«ffi#4x 10' 6 /cm 3 , ^Sfrg6 0 0cm 2 

/v-sec£(r^««>T:«*iytffl*^-r. c©«i«. ^{b 
ttruffi 3 *ifc»b* y ■> a** b£w**f*«, * * y 

Ti»ffi^ 1 X 1 0 1 8 /cm 3 % #Bj£&Wfi9 0 cm 2 /V- 

A*fb^«j*»*53:, yraaw i o okl & 
»jt3Wft7«<>«nr^*. 3 6cc, #$MH<E«ft#y 

^A^b^*«1*CDS B a a ^S^ffi«. ^'^ 7 i» 

r«ss#fcS{b//y^A*{b^«N^o*Siiitt**^ 

@iWS$t^S i §K-^U/cnIGaNt>, Al 



[0 1 ] *»98©ISaSEfi»ffi{c<fc*xt:dr*^ + ^ 

[02] fiE*<Z)tt ii J&&£& ccj^xt:**^*;^ 

[03 ] GELNx\Z$*is + )\,m<0#'7)\'2VZZ>\' 
X«ay*>y*-^©¥fflrlJ (FWHM) <b, 

[05] GaNif^Vt JUJ|<Djfi||<D4Ki 

[06] GaNiW+i^t ;U»<D*Sfi©«ifi*3t'r 

[07] GaNxf^>t iU»<D*SSO«JS*^-r 

[08] WC&ffl b /c3£S<D^#M»?ffi0 

[09 ] #|MB©#ffiK:«fc*Ga N JUKE 

aw-H 

«*cc<fca, **yr«s^ te<fcc;»«iffi©Hrt»flj* 

1-SCSSS 

5-ttftM* 
7 
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F (## ) 4C077 AA03 ABOl BE11 BE15 DB08 

EF03 TB05 TC13 TC16 
5F041 AA40 CA34 CA40 CA46 CA65 
5F045 AA04 AB14 AB17 AC08 AC12 

AD08 AD14 AF09 BB12 CA10 

CA12 DA53 
5F073 CA07 CB05 CB07 DA05 DA35 

EA29 



